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Abstract
Drumming is a very physical form of art as it requires the use of all limbs. As a result, drummers are subjected to risk factors 
such as continuous vibrations and repetitive motions that may lead to musculoskeletal disorders (MSDs). Non-ergonomic drum 
kit set-up also adds up to the already existing health risk factors experienced by drummers.In line with this, the study aims to 
provide an ergonomic drum kit set-up that will minimize Filipino drummers’ exposure to health risks by providing standard 
player-to-drum measurements and angles. Proper set-up modification would result to easier access on each drum piece, thus 
minimizing the limb movements and the experienced fatigue of the drummer. Standard sizes of each drum piece and 
anthropometric measurements of male Filipino drummers between the ages of 14 to 30 years old were gathered as basis for the 
modified set-up. Rapid Upper Limb Assessment (RULA) and the concept of accessibility index were used in order to determine 
the proper surface angles and distances. Reach envelopes of 71.36 cm and 90.67 were obtained using the 5th and 95th percentile 
values of the gathered anthropometric datarespectively. The drum pieces with higher use frequency rankings were given higher 
priority while drum pieces around a reference drum piece were decided by analyzing the most frequent drum rhythmic patterns 
derived from the data collected [5]. The “green zone”,the area in the reach envelope that would give a reduced exposure of stress 
and resistance to the body of the drummer, was divided into three levels; each with varying upper and lower arm angles obtained 
using RULA. The accessibility indices of 0.31 and 0.47, for the 5th and 95th percentile were obtained using the computed values 
of the reach envelope. Bothvalues are within the recommended range, hence it could be said that the proposed arrangement of the 
drum pieces is acceptable. 
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1. Introduction
Nomenclature
iSD shoulder tip to drumstick tip length at level i (i=1, 2, 3)
iGZ Green Zone boundary at level i (i=1, 2, 3)
AL arm length
FL forearm length
DL drumstick length
aI accessibility index
xyr Pearson’s coefficient
n total number of drum kit components outside the reach envelope
ijf rank of use of drum j outside the reach envelope

ijf rank of use of drum j outside the reach envelope
Throughout the century, developments have shaped the modern drum kit. Modern sets may contain a wide range 
of different musical instruments, and set up is usually arbitrary and would depend on the preference of the 
player.The figure below shows the widely used set-up of a drum kit.
Addressing these issues, the study aims to modify the current set-up of a modern drum kit, and provide standard 
player-to-drum measurements and angles. The recommended setup should attain an acceptable accessibility index.
Proper set-up modification of the drum kit would mean easier access on a drum piece, thus maximizing potential of 
minimal limb movements. This minimizes the fatigue a player will experience, and would also lower the chance of 
injuries.
This study was limited to basic components of a drum kit which includes bass drum, snare drum, hanging toms, 
floor tom, hi-hat, crash cymbal, and ride cymbal. The anthropometric measurements gathered are restricted to male 
Filipino drummers between the ages of 14 and 30 years.
Fig. 1. Basic Drum Kit Components.
1) Bass drum
2) Snare drum
3) Hanging toms
4) Hanging toms
5) Floor tom
6) Hi-hat
7) Crash cymbal
8) Ride cymbal
4442   Reden V. Cuden et al. /  Procedia Manufacturing  3 ( 2015 )  4440 – 4447 
Fig. 2. Basic Drum Kit Components (Top View).
Extensive studies have been conducted on drumming regarding drum kits, components, and drum rhythm 
patterns. Focusing on the component arrangement of the drum kit, several information from different sources have 
been summarized as basis on the study to be conducted.
A drum is simply any percussion instrument beaten by the hands or with some tool, as a stick or wire brush. 
However, the use of only a single drum may not be able to utilize the full capacity of a skilled drummer. This then 
leads to the development of the drum set.
The drum set or drum kit is a collection of percussion instruments to be struck by a single player seated at a drum 
throne/seat. It is, as often said, the backbone of every band, keeping the pace and driving the rhythm section of every 
performance. A standard set of drums consists of a snare drum, a bass drum, a hi-hat, two tom-tom drums and one or 
more cymbals. The hi-hat could be operated by the left foot; the bass drum is operated by the right foot, while the 
other drum components are struck with drum sticks. Drumsticks are normally held at their fulcrum points.
Though the drum kit arrangement is arbitrary, there is a common set-up widely used by drummers. The image 
shows the common arrangement of a drum kit (Fig. 2).
Not counting the drum throne/seat, the common drum kit consists of eight components: snare drum, bass drum, 
two toms, floor toms, and ride and crash cymbals. There are no established rules or set measurements for the height, 
component distances, and surface angles. Also, establishing such is impossible due to the different body mechanics 
and measurements [4]. However, there are general heuristics usually followed. 
On the height levels of each component, the common basis is the height of the snare drum. Snare drum height, 
therefore, is very critical in the setting of the heights of the other component. The ideal position of the height of the 
snare is slightly lower than the neutral position of the elbow.
In general, the arrangement of the drum kit components should be positioned such that it does not require 
excessive reach or raising the arms (above shoulder level). Keep the component height near torso level.  The 
components should be placed in a circular and symmetric manner. The most frequently used component should be 
positioned closer to the body. The components placed on higher level should have the same height, and have proper 
surface angles toward the drummer. Hand movements crossing the body should also be avoided.
For the bass drum and hi-hat, the pedals should be placed where the feet are most comfortable. Ankles should 
never be twisted in any direction in using the pedals. The surface of the bass drum should be perpendicular with the 
leg of the drummer for straight energy channeling. [3]
Playing drums is a very physical form of art because it requires the use of both hands and feet. As a result, 
drummers tend to be subjected to various risk factors. Such risk factors include continuous vibrations and repetitive 
motions experienced while playing. Non-ergonomic placement of drum set kits could also add up to the already 
existing health risk factors experienced by drummers.
The most common injury for drummers are musculoskeletal disorders (MSDs) caused by repetitive use of 
muscles, tendons, and joints at short intervals which applies stress to the body’s soft tissues [1]. Awkward posture 
also plays a significant role in these risk factors. Table 1 summarizes the possible injuries that drummers might 
experience.
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Table 1. Drummers’ disorders/injuries [2,3,7].
Disorder/Injury Definition
Tendonitis Inflammation of tendon and its cover sheath. Drummers usually experience this along their wrist flexors 
and extensor tendons.
Epicondylitis Inflammation due to great stress between the tendons and fascia. This may be caused by poor mechanics 
and techniques as well as improper angles of drum surfaces and usually impacts the elbows (for drummers).
Brachial Neuritis Compression of peripheral nerves that can cause loss of sensations. For drummers, this could affect the 
wrists, neck, shoulder, fingers, and elbows.
Carpal Tunnel Syndrome 
(CTS)
The compression of the medial nerve due to excessive use of muscles located in the neck, shoulder, 
forearm, arm, wrist, and hand. This can cause numbness and loss of muscle strength and greatly impacts 
drummers’ wrists and foot muscles.
Sprains and Strains Tearing due to application of too much stress on the body’s ligaments (sprain) or injury of the soft tissues 
other than ligaments (strain). This may be indirectly caused by improper set-up of drum equipment (e.g. 
wrong angle twist)
Lower Back and Neck Pain For drummers, this may be caused by improper set-up of drum kits specifically the height of the 
components.
Sciatica numbness or tingling experienced by the legs due to the compression of sciatic nerves resulting from sitting 
awkwardly for a long period of time.
According to SurveyMonkey® [6], assuming a more than a million population and 10 % margin of error, 97 
samples are required.
2. Methodology
Initial research for related literature regarding the drum kit and the injuries was done to establish the general 
proceedings of the study. Fieldwork was done for first-hand experience in drumming, and for better understanding 
of the risk of injuries the drummers are exposed to.
Data was gathered through research and survey. Mean sizes of the drum pieces were gathered through the 
Internet. Anthropometric data needed for the study would be gathered through a surveywith an expected Filipino
drummer population of 1,000,000+, and a margin of error of 10%.
The design modification of the arrangement of the drum kit used the ergonomic concepts of accessibility index 
and Rapid Upper Limb Assessment (RULA). Drum piece frequency of use and drum rhythmic patterns were also 
used. A reach envelope needed for the computation of the accessibility index was obtained using the 5th percentile 
value of the obtained anthropometric measurements from the survey. The limb angles that were +1 in the Upper 
Arm Score and +2 (60o-100o angle + arm across midline or out to side) in the Lower Arm Score in RULAwere then 
used to locate a “green zone” in the reach envelope that would give a reduced exposure of stress and resistance to 
the body of the drummer.  
The frequency of use of each drum piece, and drum rhythmic patterns were used to place the drum components 
within the reach envelope. The minimum available sizes of each drum piece were used. The drum pieces with the 
higher frequency based ranking were given higher priority to be placed within the “green zone”. The drum pieces 
around a reference drum piece were decided by analyzing the most frequent drum rhythmic patterns. The frequency 
of use and rhythmic patterns were derived from the data collected by Mauch and Dixon’s A Corpus-based Study of 
Rhythm Patterns. Lastly, the accessibility index of the drum set-up within the reach envelope was computed.
3. Analysis, results, and discussion
From the survey results (see Appendix 4), Table 2 shows the 5th and 95th percentile of the measurements of the 
different segments of the Filipino drummers.Table 3 shows the common measurements of each drum piece, as well 
as the drumsticks.
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Table2. 5th& 95th Percentile Anthropometric Measurements of Filipino Drummers.
Leg (cm) Thigh (cm) Arm (cm) Forearm (cm) Thorax and Abdomen (cm)
5th percentile 30.34 33.19 21.42 22.85 36.43
95th percentile 48.23 55.00 34.58 29.00 56.43
Table3. Common Measurements of Drum 
Components.
Drum 
Piece/Component Diameter (cm)
Snare Drum 35.56
Bass Drum 55.88
Toms 30.48
33.02
40.64
Hi-Hat 35.56
Crash 40.64
Ride 50.4
Drumsticks 40.64
3.1. Reach Envelope and the Green Zone
Assumptions:
x The drummer is in proper sitting posture.
x The drummer is proficiently skilled
x The fulcrum point of the drumsticks are at 1/3 of the length from the blunt end
The reach envelope is totaled by the following equation for the 5th and 95th percentile anthropometric measures:
LengthDrumstickLengthForearmLengthArmER )3/2(.).(EnvelopeReach  (1)
The reach envelope for the 5th and 95th percentile measurements is 71.36 cm. and 90.67 cm. respectively.
The green zone is a location within the reach envelope where the Upper Arm Score and Lower Arm Score using 
RULA is +1 and +2, respectively. The green zone has three levels, that is, level 1, 2, and 3.
Level 1 sets the Upper Arm Angle at 20° to the back and Lower Arm Angle at 80°. Level 1 is the lower bound of 
the green zone and is computed using the following equations:
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The Green Zone boundaries at level 1 for the 5th and 95th percentile are 41.86 cm. and 43.40 cm. respectively.
Level 2 sets the Upper Arm Angle at 0° and Lower Arm Angle at 90°. Level 2 has the upper arm at neutral 
position, and is computed using the following equation:
))3/2((2 DLFLALGZ  (5)
The Green Zone boundaries at level 2 for the 5th and 95th percentile are 41.86 cm. and 43.40 cm. respectively.
Level 3 sets the Upper Arm Angle at 20° to the front and Lower Arm Angle at 100°. Level 3 is the upper bound 
of the green zone and is computed using the following equations:
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The Green Zone boundaries at level 3 for the 5th and 95th percentile are 56.60 cm. and 67.95 cm. respectively.
3.2. Drum piece positioning
The frequencies of use of each drum piece and drumming rhythmic patterns could be derived using the data 
retrieved from Mauch and Dixon’s A Corpus-based Study of Rhythm Patterns[5]. The table below shows the 
collated drum strikes per piece for the first 510 drum pattern sample from Mauch and Dixon’s A Corpus-based 
Study of Rhythm Patterns. The percentage of strikes per drum piece and the ranking is also shown.
Table4. Summary of Strike Frequencies per Drum Piece (for the first 510 samples).
Ranking Drum Piece Strike Frequency Percentage (%)
- Bass Drum 2,063,050 -
1 Hi Hat 4,664,096 68.90
2 Snare Drum 1,438,762 21.25
3 Ride Cymbal 576,229 8.51
4 Crash Cymbal 65,120 0.96
5 Toms 25,443 0.38
Total 6,769,650 100
The collated data obtained was used for the positioning of each drum component, and for the computation of the 
accessibility index. These strike and pattern frequency combined with the reach envelope of the 5th percentile, 95th 
percentile, and the green zone from the survey of anthropometric measurement of drummers, a projected positioning 
of each drum piece is shown in the conclusion.Table 5 shows the ranking, and the distance of each drum component 
from the user.
4446   Reden V. Cuden et al. /  Procedia Manufacturing  3 ( 2015 )  4440 – 4447 
Table5. Ranking of Frequencies per Drum Piece and Corresponding Distances from the User.
Ranking Drum Piece 5th Percentile distance from user (cm)
95th Percentile 
distance from user 
(cm)
1 Hi Hat (HH) 49.94 55.97
2 Snare Drum (SD) 41.86 43.30
3 Ride Cymbal (RC) 56.50 67.95
4 Crash Cymbal (CC) 56.50 67.95
5 Tom 1 (TO1) 70.00 86.00
5 Tom 2 (TO2) 72.50 78.50
5 Tom 3 (TO3) 41.86 43.30
࢘࢞࢟ 0.51 0.47
Using the reach envelope and drum-to-user measures, the accessibility index can be computed using the equation:
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For the 5th percentile measurements, one of the drum components falls outside the reach envelope. Using the 
equation, the accessibility index is computed to be 0.31. There are no drum pieces outside the reach envelope of the 
95th percentile measurements therefore the accessibility index is equal to the Pearson’s coefficient (rxy) of 0.47. 
The range of the accessibility index is [-2, 1] and since both accessibility index is positive, the drum set-up for the 
5th and 95th percentile measurements are acceptable.
4. Conclusion
The following figures shows an ergonomic set-up of drum set on 5th and 95th percentile measurements given the 
assumptions of player proficiency and proper posture.
Fig. 3. Top View of the Designed drum kit set-up.
The snare drum and tom 3 are on level 1. The hi hat is on level 2. The crash cymbal, ride cymbal, tom 1, and tom 
2 are on level 3. Figure 4 shows the different levels at which the drum pieces are placed and the corresponding upper 
and lower arm angles.
CC
TO1
TO2
SD
HH RC
TO3
Drummer
T 1
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Fig. 4. Side View of the Designed drum kit set-up.
5. Recommendations
Although proper drum kit set-up and posture reduces the exposure of the drummers to stress and strain, 
application of appropriate drumming techniques are also very important. Drummers should be aware and should 
give an effort in reducing the risk of injuries that they are constantly being exposed to. Choosing a drum set or piece, 
should conform to both the music and the anthropometric characteristics and capability of the user. Lastly, 
drumming gears and accessories that assists in drumming are widely available in the market and should be utilized.
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